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ANALYSIS OF CONVENTIONAL AND REFLECTIVE BUTLER MATRICES
. WITH IMPERFECT COMPONENTS

.\ INTRODUCTION

) A Butler matrix that forms a cluster of beams evenly distributed in the sin-0 space is
not usualiy symmetric with respect to a plane midway between the input and output
ports. Hovver, by properly adjusting the phase shifts and interconnections one may
modifs:  _.aventional Butler matrix to be symmetric, Such a matrix may also be folded
on itsen on the line of symmetry, so that the input and output ports are identical. Such a
network not only reduces the number of components required; it also becomes a
reflection-type system in which the feed positions are in the plane of the aperture. The
synthesis of this network was described previously {1,2]. In this report, we analyze the

. performance of both conventional and reflective Butler matrices. In particular, we
investigate the effect of reflected waves on the beam-forming performance. In a conven-
tional Butler matrix, since the input and output ports are separate, the reflected waves
emerging from the input ports have no effect on the beam-forming performance, Multiply
reflected waves may emerge from output ports; however, their amplitudes are generally
small, and their etfects are relatively insignificant, In a reflective Butler matrix, the
reflected waves accurnulate at the innut/output ports; hence, the aperture distribution at
tlie antennd array is significantly modified, and this may degrade the beam-forming
performance. These effects are investigated, and computer simulated results are presented
together with a listing of the computer program.

[

SCATTERING MATRIX OF A 3-dB HYBRID COUPLER

AR 3] el Pt ¢

The basic building block of a Butler matrix is a 3-dB hybrid coupler. For the ideal
hybrid coupier, energy fed into any one of the input ports will be split into two equal
components, one with a phase shift of 90° relative to the other, However, practical hybrid
couplers will in general exhibit amplitude and phase errors in their transfer coefficients,
These amplitude and phase errors will affect the transfer coefficients of both reflective and
conventional Buller matrices in the same way. That is, the errors in the overall network
input/output transfer coefficients will be the same for both conventional and reflective
networks. Practical hybrid couplers will also have nonzero reflection and transfer coeffi-
cients to the isolated port. For the conventional network, Lo a first order, the error
components due Lo these effects will appear at the network inputs. I'or the reflective

- network, with its inputs and outputs sharing a single set of ports, all error components
affect the input/output transfer coefficients,

Ml i

Thus, the two types of hybrid covpler errors are forward and reverse, Qur investiga-
tion will be concentrated on the reverse-eiror components, and we shall assurne that there

Munuscript submitted January 4, 1480,
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SHELTON AND HSIAO

is no amplitude or phase error in the forward-transfer coefficients of the 3-dB coupler. The
following analysis is based on the assumption that, when an incident wave of unit
amplitude is applied to one of the input ports, two waves of amplitude o will emerge

from the two output ports, one with a 90° phasc shift and the other with no phase shift.
Similarly, waves of amplitude 8 will be reflected to the two input ports. As shown in

Fig. 1(a), when an incident wave of unit amplitude is applied at port 12, reflected waves
of -f and - j§ appear at ports 11 and 12 respectlively and waves of -ja and o appear at
ports 21 and 22. For conservation of erergy, one has

20% + 282 = 1. (1)

The isolation factor is defined as the power ratio of the reflected wave to the incident
wave, In this case, the isolation is

I=p2. (2)
Accordingly, in terms of the isolation factor,
a=,/05-1T. (3)

Jf the parameters in Fig. 1(b) are used, the reflected waves are related to the incident
waves by the matrix equation

oy, | T by e e [ayy )
] 11
b12 -8B -ib | Sy« a9
e el e L (4)
by1 o _J"x% BB Qg1
tb?.z sje o« (=B -iB 99

where ajq,ay 9,051, and ¢y, are incident waves and by, b; 4, byy, and by are scattered
waves at ports 11, 12, 21, and 22 respectively.
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(a) Unit-amplitude wave incident at one of the
input ports of a 3-dB coupler

(b) Incident and reflected waves
on a o-aB coupier

Fig. 1 — Transfer and reflecti~* in four-port networks

and

Matrix Eq. (4) can now be simplified to the form

-8 -8
S = S =
°11 22 ,

-8 -Jp |

“a —_,"c;j
Sp2 =8y = |

-jo o
by 51y E 512 ay
— | =] - .
by So1 | 8o a,

SCATTERING AND TRANSFER MATRICES OF A BUTLER NETWORK

(5b)

(6}

A Butler network can he represented by a block diagram as shown in Fig. 2.% Blocks
in regions 1 and 3 represent the 3-dB couplers described in the previous section, and a
shase-shift transfer nelwork is located in region 2. A number of similar networks are

mathematical entity.

E 2 T TOM LAY SNDPER SR R S E e
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*I'o¢ the remainder of this report, a network will be considered a physical entity and a matrix a
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connected in cascade to form a complete conventional Butler network The scattering
matrix for regions 1 and 3 is -

by B <A 0 0 .. oa - 0 0 ...0fa,]
big -8 =B 0 0 ... -jo « 0 0 ..,0|a,
. 0 o0 - - 00 ... a -ja 0..,

0 -3 -jg 00 -jo o Q,,, '

ln - 200 e LY LI} LY .« 0 a]n 7
b2 a -jo O 0 ... -j8 -p 0 0 ...0 ayy | - (1)
by -ja o« 0 0 ,,..-f -3 0 0 ,,,0 ayy
0 0 «a ~jaTO ;B 0
0 0 -jo o . -5 -3 ...0
bzn L «sa aese ) e “se “ s azn-i
Define
biy bs1
b12 22
bl= . ,|J2= . , (8a)
bln b2n
- - .
— —
a4y Ay,
9 yy
a; =t . y Ay = . , (8b)
aln a2n
— p— — —t
— -
-3 -8 0 0 ...
-8 -jp 0 0 ..,
0 0 -8 - 06O .
80 8,,={ 0 © - -jp 00 .. (8¢)
0 90 /i
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Fig, 2 - Block diagram of a Butler network
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and
_a -joo 0 o . e 1
~jee o 0 0O ., . e
0 0 o« -~jx 00
Siy = 821 = 0 6 ~jo o 00 ) (8d)
0 0 - .. o —ja
L.O 0 e e —jO @

Equation (7) can now be simplified to

by rS11 | Sy, 4y
N (9)

|
b2 S21 :

The scattering matrix in regicn 2, which is a phase-shift and transfer network, can be
represented as

1 111 By 1
= T i - (10)
d, Ry ! Ry )
where d; , dg, ¢;, and ¢4 are vectors such that
B [ 1
dlﬂ dgy
dyg dyg
dy = L= (11a)
d d,
L | %)
A -
€11 €1
€12 Cog
c; =t . 1Cp= L . (11b)
:an _-CZn_J

Matrices Ry, and R, , are zero, and matrices Ry 5 and Ry, have identical elements. These
matrices describe the phase shifts and interconnections from one row of couplers to the
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next. Their elements depend on the configuration of the Butler network, As an example,
the R matrix of the 4-port Butler network shown in Fig. 3 is ‘

1 0 o ol
y
0 0 e 40
R,,=R,, = B . (12)
12 21 -Jj
0 et o0 0
0 0 0 1
L .
— }—-—
h —
¥/4 /4

—

Fig. 3 — Four-port Butler network

Since we are interested in the overall scatiering matrix of this network, we must first
convert the scattering matrix in each region to 1 transfer matrix, which in turn can be
multiplied to form the overall transfer matrix o1 the whole nctwork. A transfer matrix can

be represented as
KRR
T I e
L%J Toy Tzz_} thIJ

where a; and by are the incident and reflected waves at the left hand ports and ag and by
are similar waves at the right hand ports.

1t can be shown thal 4« matrix T is related to an 8 matrix by the following relations
[3,4]:

VLo _a )

Ty =8y, 75,2875 8. (144)
T _ -1

Iy =55, 579 (14b)
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= . a-1
and
- a-1
T22 - Sl2' (14d)
The overall transfer matrix is
k
T= 1T {15)
i=1

where T, T,, ..., T}, ave transfer matrices in regions 1, 2, ..., k.

The overall transfer matrix can be converted to a scattering matrix by the relations

S;y = =T33 Toy (162)

Syp = Tap, (16b)

891 = Tyy - Typ Typ Ty, (16¢)
and

Sgy = Typ T35 (16d)

Since 879 = 854, one may use the simpler relation of Eq. (16b) instead of Eq. (16¢).

Elements of matrix Sy, (or 8y 5) represent the transmitted waves at the output ports
when a unit incident wave is applied al any one of the input ports. Therefore, matrix S,
is the transfer function of a conventional Builer network. Flements of mat:ix Sy (or $,4)
represent the reflected waves at the input ports when a unit incidert wave is applied at
any onc of the input ports. In a reflective Butler nietwork botls the reflected waves and
transmitted waves emerge from the same set of ports. Therefore, the scattering matrix of
such a network is the sum of matrices S; 5 and 8, ;, or

S =85,,+8,,. (17)

In deriving this relation, we have made the assumy,tion that the symmetry plane of a
reflective Butler network exhibits an open-circuit unity reflection coefficient.

PATTERNS OFF AN ARRAY FED BY A BUTLER NETWORK

Figure 4 shows a schematic diagram of a reflective Butler network, which has hal;
the components of a conventional Butler network. There are n ports, since ports ay 1,
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. J1u, 0 @), are identical with portsag |, ayg, ..., ay n- Using previously developed notation
L and setting [by] = [ag] = 0, this can be represented as
(b1 =15, +5;,]1a]. (18)
¢
%%
by b
e PERFECT
P 'REFLLCTION
121722 WALL
b2, b2z
93,923 .
fy3 bas HALF
—1—~J——2—- BUTLER
i MATR (X
{ ;
! |
! I
I i
byniban! .
94n,%2n
Fig. 4 — Reflective Butler network
The vector input of a;] can be represented, for the case of an incident plane wave
received by a linear array, by
Ay = Ay exp [k - 1)u) (19,
where u = 2nd sin 0/,
with A = wavelength,
0 = angle of incidence from the pormal to the array. and
d = element spacing,
9
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SHELTON AND HSIAO

In the subsequent discussion, we shall assume that the array has a uniform illumina-
tion function, that is, that A, = 1. The scattering metrix [S;;] + [8; ;] is computed as a
function of isolation factor I. Radiation patterns of the network-fed array are represented
by two types of plot. One shows the main beams formed by several ports of the reflective
Butler network, and the other shows the complete array pattern of one port of the net-
work, in the range 0 < 1 <180°.

Figure 5 shows the array patterns of an eight-port reflective Butler network, Figure 5a
shows four of th: main beams for variation of the isolation factor of the 3B hybrid from
10 dB to 40 dR Figure 5b shows ihe array pattern when the main beam is at u = 22.5° for
the same range of isolation factor. Figure 6 shows the corresponding patterns for a 16-port
reflective netw ork, From these figures, it can be seen that the null filling level is roughly
equal to the i.olation factor of the 3-dB couplers, That is, for the case of 10-dB isolation,
the pattern i filled to a level of about 10 dB below its peak; and for the case of 40 dB
isolation, ti-e pattern is filled to a level of about 40 dB below its peak.

Tables 1 and 2 show computed results for eight-port and 16-port reflective Butler
networks, respectively. The isolation factors in dB are listed in the first column. The
transmitted power is the percentage of incident power, averaged over all inputs and out-
puts, that would emerge from the outputs for the conventional Butler-network configura-
tion. The remaining r-ower emerges from the input ports. It is seen that the transmitted
power decreases as the isolation decreases and as the number of rows of couplers in the
network increases, For the reflective-network configuration, the input and output ports

arc combined, and the comnonents emerging from these norts are also combined. The RMS
b I o o Iy

amplitude and phase errors describe the effects of these spurious components on the
combined outputs and are defined by

B N N 2 1/2
so=| 2.2, (lskgl—?>
k=1 18=1
2
B N
and
) N N / \ 2_‘ 1/2
as=| 2.2, (m-cb;eg) ,
k=1 0=1
_ N*

wiere Ab and A¢ are the RMS amplitude and phase errors, respectively, s, is an element
of the scattering matrix S,

N N
5= ZZ IskYI/NZ,

k=1 K=

1
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$1¢ is the phase of s, and @},¢ is the phase of s,¢ for the ideal network with no errors.

_ The error components increase with the number of rows of couplers and with decreasing

isolation.

A computer program for carrying out these calculations is listed in the appendix.
In addition to providing for imperfect reverse parameters of the hybrid couplers, the
program provides for imperfect forward parameters and for errors 1n the interconnecting
transmission lines.

CONCLUSIONS

An exact analysis procedure has been developed that is applicable to both conven-
tional and reflective Butler networks with imperfect components. The analytical procedure
has been programraed for computation of results for conventional and reflective Butler
networks of arbitrary size. Results are presented for eight-port and 16-port reflective
networks using hybrid couplers with varying degrees of isolation. The results are given in
the form of radiation-pattern factors that would be obtained from a linear antenna array
fed by the network and also in terms of the RMS phase and amplitude errors of the net-
work transfer coefficients,

REFERENCES

1. J.P. Shelton and J.K. Hsiao, ‘‘Reflective Butler Matrices,” NRL Report 8188, Mar. 14,
1978.

2, J.P. Shelton and J K. Hsiao, “Reflective Butler Matrices,” IEEE Trans. Antennas
Propag. AP-27, 651-659 (Sept. 1979).

3. L.B. Felsen and W.K. Kahn, “Transfer Characteristics of 2N-Port Networks,” pp. 477-512
in Proceedings of the Symposium on Millimeter Waves (1959), Polytechnic Institute of
Brooklyn Microwave Research Institute Syiaposia Series, Vol. 9, Interscience Publishers,
New York, 1960.

4. W.K. Kahn, “Impedance-Match and Element-Pattern Constraints for Finite Arrays,”

- Tosa nrro
NBL Reyurt 8002, dune 1576,

11

1wl o i, bl s S



SHELTON AND HSIAO

-20r 20¢8
-20
5 PSNEN AU TR WS SO SN VAN R NN PR WA NN NUUN SR SO N

ARRAY PATTEZRN (d4B)

-ao‘

-40}

~BO} 4048

—60_.

-70}-

Y7 SRS I TR S [N HU NN T S U S ES S WY H I
[¢] 20 40 Q0 89 100 120 140 160 180

PARAMETER u (DEGREES)
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Table 1 — Computed Statistical Parameters for
Eight-Port Reflective Network

D P e
-Ji’ : .
PR F TR Rk e 23 NG TIRTI

Isolation Transmitted | RMS Amplitude | RMS Phase
(dB) Powgr (_percent Error Error
of incident) (percent) (degrees)
10 54 .85 30.25 38.69
15 80.76 19.42 23.563
20 93.20 12.30 12.97
25 97.77 7.30 7.16
30 99.29 421 3.99
35 99.77 2.39 2.24
40 99.93 1.35 1.25

Table 2 — Computed Statistical Parameters for
16-Port Reflective Network

. Transmitted | RMS Amplitude | RMS Phase
Isolation
4B Power (percent Error Error
(dB) of incident) (percent}) (degrees)
10 44,92 47.29 50.58
15 76.30 31.96 30.956
20 91.49 20.41 12.66
25 97.19 11.67 6.91
30 99.10 6.61 3.84
35 99.71 3.73 2.16
40 92991 2,10 1.22
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Appendix

COMPUTER PROGRAM FOR ANALYSIS

This computer program computes the coupling coefficients from the input ports to
the output ports and the power transmitted and reflected; it also plots the array radiation
pattern if it is desired. The type of Butler matrix analyzed by this program can be either
a conventional or a reflective type as described in this report. For this program three input
Jdata cards are required. The first data card enters the following fixed-point (15 format)

data:

i
]

NPT — Number of ports of the Butler matrix to be computed.

NROW — Number of rows of this network.

KLL  — Absolute value of KLL represents the beam index whose pattern is to be
plotted. If KLL = 0, there is no plot, If KLL is less than 0, the program
plots the array pattern and also plots all main beams formed by the
Butler matrix network.

LPRINT — Printout control. If LPRINT = 0, the program prints all detailed output at
each computation step.

The second data card, which is also in a fixed-point 15 format, specifies the number
of ports in each basic coupling network in each row. This implies that identical coupling
networks are used in each row, However, coupling networks of different ports may be used
in different rows.

The third input data card, which has a ¥10.6 floating-point format, specifies the
coupling coefficients of the 3-dB coupler used as the basic building block of the Butler
matrix network. These coefficients are read in the sequence Al, B1, C1, D1. These
numbers are related to the coupling coefficient of the 3-dB coupler by the relations (see

Fig. 1a)

[31 =10-(0.05x Al),
.39 = 10005 X B1),
al' = 10'(0.05 X Cl)’

and

0y = 10-(0.05x D1)_
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PROGRAN RFBNTX

THIS PROGRAM FIRST FIGURES OUT BUTLER MATRTIX CONNECTICN AND PHASE
ANGLE » COMPUTES THE TRANSFER FUNCTION AND THEN PLOT THE PATTERN
MATRIX LIWIT TO THE SIZE OF 64
COMPILED ON JULY 13,1976 BY J.
REVISED ON AUGUST 1841976 BY J. K. HSI2G

ABSOLUTE VALUE OF KLL REPRESENTS THE BEAM INDEX WHOSE PATTERN 1§

TO BE PLOTTED
RLL=0 WMo PLOT

XKLL GRATER THAN 0 PLOT PATTERN ONLY

KLL LESS THAN O PLOT BOTH PATTERN AND MAIN BEANS

LLL=1y FULL MATRIX, LLL=0 REFLECTIVE NWATRIX

LPRINT =0, PRINT ALL OETAILED OUTPUTS

IF LPRINT NOT EQUAL O NC MATRIX MULTIPLICATICN RESULT IS PRINTED
IF LPRINT LT O PRINT ONLY THE

COMMON/CSL/PLTAY(500)
COMMAIN/CS4/AL4A2481,82
CIMENSION NBP(16),NBX(156)

DIMENSION MC(Bs64)4PHA(B:64)
DIMENSION S11(32,32),512032,32)34521(32432)9522032432)

COMPLEX S1145125214522
CALL PLOTSCPLTAY,500,0.)
NRAX=32

KC=0

READ 100 4NTP HROWyKLL,LPRINT,yLLL

IF(NTP.EQ.QIGO TO 2

READ 100+ (NBP(I)sI=14+NROW)

FORMAT(LGLS)
READ 101, AlsA2,81,82
FORMAT(BF10.6)

IF{KCTOTW0CALL ORIGINCI4aa04)

KC=K({+1
NRL=NRUW+1

CALL NTWK{NTPsNR1,NBP,KBKyKCsPHA)

TFCLLLAGTL0)GO TO 4

CALL HLFMUX{UMTPyNKLy NBP,NBK,MC,yPHA)
Calt TRFMTX{NMAXANTPsNRI 4NBP 4 NBK,MCoPHA9S119502,521,522)

LL=0

CALL PRTOUT(NTFyS21sS11sLLyNRAX,LTFP,LPRINT)

LTFP=]
IFCKLL.EQ.0)GS 10 1
NPAV=1

CALL PATERN (NTP¢S521sS119KLLsNPAV,; NMAX)

68 19 1
CALL ENOPLT
END
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NRL REPORT 8392

SUBROUTINE PRTOUT(NTP, TRFF,TRFB4LL NMX, (. TFP4LPRINT)
LLGT.0 FCR BLOCK, ANC LLIS THE BLOCK NUFBER

LL=0 FOR OVERAL TRANSFER FUNCTION

DIMENSION TRFFCNMX o NMX)y TREBCNMXyNRXD
COMMON/CS4/AL,A2,81,92
COMMON/CSE/7AMPTI(32,42)ANGL(32,32),ANGT(232),TRFF2(32,32),s TR(32,32
CIPAMPAV(I2) g ANGAV (324 AMXC(3I2)9ANX(32)yAMPRRS(32), ANGRMS(32),
C SUMR(1824)

COMPLEX TRFF,TRFB,TRFF2,TR,SR

KC=0

PI1=3.1.,15926536

RAC=180,7P1I

K6=6

LtL=0

IFCAL,LE Qe ORLLL.GT,ODLLL=]

IFCLL.LELO0XGE TO 1

PRINY 101,00

FORMAT(/7420%Xs“THIS IS THE TRANSFER FUNCTION OF BLOCK™I15)
GO0 Ta &

PRINT 111

PRINT 106

FORMAT(//920Xs "OVERAL TRANSFER FUNCTION")

IF(A146T7.0.260 Ty 3

PRINT 119

FORMAT(/ /510Xy “2ERCG REFLECTION®)

GENERATE TRANSFER FUNCTION FOR AN IDEAL BUTLER MATRIX
PRINT 124,NTP,Al

PRINT 117

FORMATC/ 320Xy "HUMBER OF PORTS 9 I595Xy”  ISOLATINNCDB)Y " yF10.445/7)
CALL TRFIDLCNT®)

IF(LTFP.GT.0)GC T0O 4

IFCLPRINT .6T.0)G0 TO 4

PRINT 107, CCAMPY(T4J)sd=14NTP)oI=1yNTP)

PRINT 117

PRINT 107 ,CCANGLCEJ)oJ=1sNTP)I=1oNTP)

PRINT 117

TFCALLLE.Q.)K$6=2

CO 60 K=13K6

SUM=0.

DO 15 I=1,NTP

SUNRCI)=0,

IFCLPRINT .GY.0)GO 10 75

G TO (11472573, 745T6s7T)K

PRINT 102

FORMAT(//7,20X, "AMPLITULE OF FORWARD TRANSFER FUNCTION®)
PRINY 117

FORMAT (/)

GO 1O 75

PRINT 103

FORMAT(//,20X%, "PHASE ANGLE OF FORWARD TRANSFER FUNCTICN®)
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SHELTON AND HSIAO

PRINT 117
Gy T0 75
PREINY 104

FORMAT(//520Xs “"AMPLITUDE OF REFLECTIVE VTRANSFER FUNCTION®) - o ""; —

PRINT 117
GO 10 75
PRINT 105

FORMAT(//420Xy "PHASE ANGLE OF REFLECTIVE TRANSFER FUNCYIOH®)

PRINT 117
co 10 75
PRLNT 109

FORMAT(//7,20X, “ARPLITUDE OF THE RESULTANT TRANSFER FUNCTION®)

ORINT 117
GO 10 715
PRINT 110

FORMAT(//+20Xs “PHASE ANGLE OF THE RESULTANT TRANSFER FUNCTION?)

PRINT 117

DO 67 I=1,4NTP

DO 70 J=1.NTP

GO TO(6L462463964565466)K
ANGTC(JSI=CABS(TRFF(TI41))
ANGT2=ANGT(J)ws2
SUM=SUM+ANGT 2

SUNRCJ)I=SUMR (JI+ANGT2

68 T8 70

TFCLPRINT .GT40)GO T0 70
ANGT (J)=CANG(TRFF(I4+J))sRAC
GO 10 70
ANGT(J)=CABSCTRFB(I4J))
ANGT2=AK{T (S ) *e2
SUM=SUM+ANGT 2
SUMR(JI=SURR(JI*ANGT2

G3 16 710

TIFCLPRINT oGY.0)GO T¢ 70
AKGT (J)=CANGC(TRFB(IsJ))*RAL
GO TO 70

TR(I,JD =TRFF(I,JX4TRFBCL, 1)
ENGT(JI=CABS(TR(I+dJ )

ANGT 2=ANGT(J)es2
SUMR(J)=SUMRCJI+ANGT?2
SUM=SUM¢ANGT2
TF(LLLGTL0)GO TO 70

ARPT (L9 J)=CANGTCJI=-ANPT (L9J))/7ANMPT(14d)
68 TO 70
ANGTCJI=CANGC(TRCTJ))*RAC
TFCLLL.GT.0)G8 TO 70

AG =ANGY CJ)X-ANGL (I 44D
ARGLCJy 1)=A0
IFCARS(AG)LLEL180.)GO TO 70
NSIGN=1
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NRL REPORT 8392 %
= 009¢ IFCAG.GT 0 INSIGN==1 3
: & 0097 ANGLCI4J) =NSIGN*(360.-ABSCAG)) %
3 0098 70 CONTINUE ¥
by 0099 IFCLPRINT .GT.03GO T0 67 3
0100 PRINT 107, CANGTCJ) yJ=14NTP) i
0101 107 FORMAT(10X, 8F10,4) §
0102 67  CONTINUE 3
0103 KMOD=MOD(K2) S
0104 IF(KMO0.LELO0)GO TO 60 Z
0105 PRINY 122,5UM ;
0106 122 FORMATC/7410Xs“TOTAL POWER OUTPUT *3F1044) %
o107 PRINT 1234CSUMRCID »I=1+NTP) 3
0108 123 FORMATC//7,10Xe "POMER FROM EACH PORT“4/5(10Xy 10FL0.4)) b
: 0109 60  CONTINUE i
y . o110 IFCLLL.GT.0)GO TO 7 3
0111 IFCLPRINT .GT.0)GO0 TO 8 |
= 0112 DO 50 L=1,2 3
0113 GO TO (51,50OHL ]
0114 $1  PRINY 120 3
0115 120 FORMATC(/ /420X “ERROR FUNCTION®#77520Xs "AMPLITUDE /) : 3
011¢ GO T6 53 i
01117 52 PRINT 121 ;
. & 0118 121 FORHMAT(//420Xs "PHASE ANGLE*4/)
‘ £ 0119 53 D6 SO Ix1,4NTP i
_ = 0120 GO TO (54455)L %
E 0121 S4 PRINY 107, CAMPTCJsI)sd=1,NTP) :
i 0122 GO T0 50 ' 5
B 0123 55  PRINT 107y C(ANGLCJ,T)9J=)kyNTP) 4
3 0124 S0 CONTINUE : 3
v 0125 TFCLPRINT LT.0)RETURN : g
b 012¢ PRINT 111 =
£ o127 ¥ DO 59 L=leZ i
8 0128 DO ST I=1,NTP 3
3 0129 IFCL.GT.1.AND.I.GT.1)GA To 58 :
b 0139 ANGS=0. ) E
L 0131 AMPS=0. - :
: , 0132 ANGX=0. B F
: 0133 ANPX=0. - 3
i 0134 58 D0 56 J=1,4NTP
; 0135 AMPS=AMPS+ANPT(J,y1)
f 013¢ ANG S=ANGS+ANGLC(Jy 1) 3
5 0137 TFCAMPTCJp 1) GT AMPXIAMPY=AMPT(J,]1) 4
. 01138 56  IFCABSCANGLCJ9I))<CT.ABSCANGX)IANGX=ANGLCJy 1) 4
% 0139 IFCL.GT.1)G0 Yo 57 :
0140 AMPAV(I)=AMPS/NTP 3
s 0141 ANGAV(I) =ANGS/NTP 3
- 142 aMX(I2-AMPY
[ TX] ANX(I)=ANGX 4
0144 ST CONTINUE 3
0145 IFCL.GT.1)60 T8 59 :
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FRINT 117

PRINT 107, CAMPAV(K )sK=1,NTP)
PRINT 117

PRINT 107, CANGAV(K),X=1,NTP)
PRINT 117

PRINT 107, CAMX(K)pK=1yNTP)

PRINT 117

PRINT 107 C(ANX(K,3K=1,NTP)

PRINT 117

CONYINUE

ANPS=AMPS/NTP®&2

ANGS=ANGS/NTP&®s2

ANGSST=0.

AMPSST=0,

D3 80 I=14NTP

ANGSS=0.

AMPSS=z0.

06 81 J=1,NTP
AMPSS=AMPSS+CAMPTC U, I)-ARPAVC]I)) #82
ANGSS -ANGSS+ (ANGL(J2T)-ANGAYV(I))*e2
AMPSST=ANPSST+(AMPT(Js I)-AMPS)*4?2
ANGSST=ANGSST+CANGL(J,I)~ANGS) #¢2
AFPRMSCII=SQRT(AMPSS /NTP)
ANGRMSCI)=SQRTCANGSS /NTP)
CONTINUE

PRINT 107, (AMPRMSCK) K=1,NTP)
PRINT 117

PRINT 1173 (ANGRMSCK)+K=14NKTP)
ANDSS=SQRT(AMPSST/NTP%%2)
ANGSS=SQRTY(CANGSST/NIP*+2)

PRINT 117

PRINT 107, AMPS s ANGS s AMPX o ANGX s AMPSSe ANGSS
IFCLL.GT.O)RETURN

IFCLPRINT (NESOIRETURN

PRINT 111

FORMAT(LHL)

L3=K6/2

00 10 L=1,0L3

GO TO (11,12413)L

PRINT 112

FORMANC/Z /420Ky "IDEAL CASET"w/7)

GO0 TO 14

PRINT 113

FORMATY(//420Xs "RCTUAL CASE"4//)
GO TO 14

PRINT 114

FORMAT(//7w20Xs "DIFFERENCE S//)

00 30 I=1eNTP

00 30 J=1.,NTP

SR=CMPLX(0490a)d
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020¢
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02113

0214
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02117
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02198

0220
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02213

0224

0225
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0ezi

0228

0229

41

42
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DO 40 K=1,NTP

GO TO (&1,42,543)L
SR=SR+TRFF(I+K)*CONJGTTRFF2(J,K))
GO TO 40
SR=SR+TR([sX Ik CONJG(TRFF2(JuK))
GO TA 49
SR=SR+TRFB(I4K)*CONJGCTRFF2(J4K2)
CONTINUE

ANGL(I4J)=CANGCSR)*RAC
AMPT(I,J)=CABS(SR)

00 20 K=1,2

GO T8O (21,22)K

PRINT 1195

FORMAT(20X,y "AMPLITUDE "»/)

GO TO0 23

PRINT 116

FORMAT(/ /420Xy "PHASE ANGLE “97)
DO 20 I=1,NTP

GO YO (24,425)K

PRINT 107y CAMPTCI9J)pd=1eNTP)
60 T6 20

PRINT 107, CANCLCL,J)9J=1,NTP)
CONTINUE

CONTINUE

IF( XC.GT.0)RETURN
IF(AL.LE«O0+)RETURN

PRINT 118

FORMATCLIH1,10X, "REFLECTION MATRIX IS USED%y7/)
DO 5 I=1,NTP

00 5 J=1NTP
TRFF2(I4J)=TRFF(I1,J)

KL=KL+1

GO0 TO0 6

END
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SUBROUTINE TRFMTX(NM)NNyNR Lo NBP gNBK o MC 9 PHANS10951295214522)
OIMENSION NBP(16), NBK(16)
DINENSTON MCCHRI,NN)¢PHACNRL¢NND

~CIMENSTION S11(NK,NM),S12(NMyNNDI5S21(NM,N¥),S22(NN,NN)

COMMON/ZCS$57711(32432)9T12€32432)9T21(32032)eT722(32432)
COMMON/CSE/7R11032932)9R12C32,32),R21C32,32),R22C32,432)
CIMENSION SS11(658)95512(89B)45521(Bs8)5S5572(8,8)
DIMENSION MCTC(32)

COMPLEX S1145124521p5229T11eT125T21971229R11,R125R214R225AR9SS1Ly
CS512,5552145522

FIRST INDEX ROW

SECCOND THDEX COLUNMN

00 10 I=1yNR1

TRANSFER KATRIX IN CONNECTION REGION

DO 11 L=1,4NN

LL=MC(TI,L)

MCT(LL)=L

PRINT 102, CMCCTI LIl =1oNN)

PRINT 102,(MCTCL)y L=19NN)

PRINY 1019 CPHACI L )sL=19NN)

FORMAC/7y(10X98Y5) )

FORHRAT(//o(l0X»851044))

00 20 J=14NN

DO 20 K=14NN

T11(JeK)=CMPLX(O0.904)

T12(JsK)=CMPLX(0s100)

T21(JsK)I=CMPLXC(0ep 0.

T22(JyK)=CHPLX(0.90.)

IFCMCTCJUILNELKDIGY TO 20

T11(JyK)I=ARCPHA(L,J))

T22(JoK)=CONJG(TLIL(JsK))

CONTINUE

PRINT 1004C(TIT(M;N),N=1,NN),H=1,NN)

PRINT 100,C(T22(MyNIoN=19NNDyM=14NN)

IFC(I.GT.1)G0 T8 21

DO 22 J=1,4NN

00 22 K=1,NN

R11CJsKI=T11CdeK)

R12(JsK)=CHPLX(0.»0,)

R21(CJoKI=CHMPLX(O.y0,)

R22(JsK)=T22(J,K)

GO T8 23

CALL MTXMLTCNM,NN, TileT124V219T22yR11)R124R214R22)
PRINT 100, CCRIZCMaN) yN=1oNN)oM=1NN)

PRINT 100,CCRI2CMyN) 3 N=1 NN M=1 4NN

PRINT 100, ((R21I(MyN)sN=1sNN)yN=1,NN)

PRINT 100,CCR22CMy NI ;N=14NHIyHM=LyNN)
FORBATA 79 {iCR9OTLI0aa3)

IFCI.EQ.KNR1)GE TO 10

TRANFER MATRIX IN BLOCK REGION
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£ . 004 _ NP=NBPCI) e i i
£ 0047 IFCILLEL1)GO TO 26 :
: 0048 IF(NP.EQ.NEP(I~1))GE T 27
£ 0045 26 CALL BLKCBWNP,SS1145512,5521,45522)
2 C RESET S MATRIX
‘i: 00%0 03 24 J=14NN
£ 0051 00 24 K=1,NN
= G052 24 S11CJ4K)I=CMPLX(Oap0.)
& 0053 SL2CJpK)I=CMPLXCO.p0.)
H 0054 S21CJeK) =CMPLX(0asCu)
H 0055 S22CJ4K)=CMPLXC D, 404)
- 005¢ 00 25 J=1,NNeNP
G051 09 25 JJ=1sNP :
0058 J1=JJ-1 i
0059 00 25 KK=1,NP
0060 K1=KK-1
006t SI1CJ4J10J+K1)=5S11(JIoKK)
] 0062 S12C¢J4J1yJ+K1)=5512CJJ,KK)
B 0063 S210J¢J1,J4K1)=8S21CJJyKK)
i 0064 S22CJ4J1,.04KE)=5522(IJ,KK)
& 0065 25  CONTINUE
£ 006¢ PRINT 1004 CCS11CMyNIsN=14NN)yM=1,4NN)
3 0067 PRINT 100,CCS12C(MyN) yN=1yNN) pH=1,NN)
0cee PRINT 100,CCS21 (MaN)IgN=14NN),¥=1,NN) :
0c6% PRINT 100,CCS22CMsN)yN=1gNN)pMH=14NN) :
C INVERSE S-MATRIX H
0070 CALL INVSICHNM,NN,512)
0071 CALL STTRFCNMyNN,SI1 9512952145223 T114T12,4721,722)
9C72 PRINT 100sCCS11CMuN)sN=LsNN)oM=],NN)
0073 PRINT 100, C{SI2¢R; Nosh- Ly NNY s ohb) :
0674 PRINT 100, CCS?71(MyN)yN=14sNN)yM=]14NN) <
00715 PRINT 100,CCS22(MsN) N=1yNNIsM=1yNN)
007t 2T 08 50 J=1,NN i
0077 03 50 K=14NN :
0078 TII(JsKY=S11(J4K) :
) 0075 T12CdeKI=5120 04K :
: 0080 T21(J3K)=521CJsK) .
5 0081 S50 T220J4K)I=522C04K) :
1 0082 CALL PTYMLTCNM NN, TIT,T12,T21,722,R11,012,R21,R22) .
- 0082 PRINT 100y CCRINCMyNIgN=1sNN)yM=14hN) .
g 0084 ORINT 100, CCRIZCMyN) yM=13HN) yH=1 4 NN) :
i 0CBS PRINT 100,CCR?2(MaND eK=1 g NND ¥ =1 4NN) 5
: 008¢ PRINT 100, CCR22CA M), N=1yNN)sH=14NN) i
H 0087 10 CONTINUE :
: HOERS CALY INVSIONM NNL.R27)
0cas DB 40 J=1,NK
009¢ DO 40 K=1,KN
0091 S12(JsKI=R22(JyK)
0092 S21(J,8) =R22CJ,K)
€097 SIT1CIaKI=CMPLX(Osg0 o)
0094 S22 (JyK)=CHPLX(0.y0,)
00959 DI 40 L=1,NN g
oL9t SILCJdsK)=SIE(JgK)I-R22CI9LI*RZ1CLyK) :
0091 S220JsK32522CJsKItR12CIaLISR22(L oK) :
0c9n 49 CONTINUL
0099 PRINT 100, CCSELICHMaN) yN=1oNN) s M=1,4KN) B
0100 PRINT 100,CCS12(MyNYgh=1sNNYF=1,NN) :
o101 PRINT 1005 CCSP1(MyN)gN=1oNND #M=1,NN)
010? PRINT 1005CCS522CMyNIsN=1sNNIyH=1,NN)
0103 RETUPN
0104 END i
25 '
b i
25 1
l ;
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SHELTON AND HSIAO

TSURROUTINE STRFUNM NNyNRLI,NBP NBK,MC,PHA,S11,5124521,522) o

CIMENSTCN NBP(16)4NBK(LG)

DIMENSION MCC(NRLIsNN)yPHA(NRL yNN)

NIMENSTON STILIONMyNM) ,S12C(NMNN) ,S21 (MM eNK),,S22(NMyNN)
COMMCAN/CSS5/T11(8,8),712(8,8),721(8,8),722(8,8),R11(8,8),R12(8,8),
C R21(89B)4RNM2(84B)SPACE(TLIOB)

DIMENSION MCT(32)

CIMENSICN SS11(26¢2)45512(242)45521(242)95522(€2,2)
COMPLEX S11451255215522,T11,T12,T21,T722,R11yR12,R21yR22yAR45S511
€55124+5521,45522

CALL TWOPT(SS11,551245521¢5522,42)

15T INDEY,COLUMN

ZND INDEX,ROMW

00 10 I=1,NR1

TRANSFER MATRIN IN CONNECTICN REGION

00 11 L=14RN

LL=MC(I,L)

MCTCLLY=L

00 20 J=1,NN

DO 20 X=1,4NN

T11(JsKI=CHNPLX(D.y0.)

T12(J4K)=(CMPLX(0.y0,)

T21(J3K)=CMPLX(0ss0.)

T22C 39K )=CHPLX(0.40.3

IFCHCTIC(I) HELK)IGO T 20

TILCJyK)=ARCPHA(TyJ)

T22(J4KI=CONJG(TLL (J9K))

CONTINUE

IFCL.6T.,10G0 TO 21

00 22 J=1,NH

00 22 K=1,NN

RI1I1CJsK)=T11(Jy4K)

R12(JsK)=T12(J4K)

R2:CJyX)=T21(J,K)

R22(JsK)=T22(J4K)

GO T8 23

CALL MYXHLTYCNM, NN, TI1,T12,T21,T22,R114R12yR214R22)

IFCLI.EQ,NRYIGY TN 10

TRANFER MATRIX IN BLOCK REGIOM

RESET S MATRIX

EP=NBPCL)

IFCI.LEL.1)GC TO 26

IFCNPL.EQJNBPCI-1))GO To 27

DO 24 J=1yNN

DO 24 K=14yNN

S11(JK)=CHPLX(Duy0.)

S12{Js¥ )=CMPLX(0.9 0.

S21CJoKI=(MPLX(Q,s0.)

S22(J4yK)=CHPLX(0.904)

CO 25 J=14MNyNF
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. 0044 00 25 JJ=1,NP D3
£ 0045 J1zJ43-1 Dok
& 0046 £O 25 KK=1,NP S e
,ii - - 0047 ©UK1=zKK-1 T ‘ .
5 0048 SI1CJedL 44K I=SSL1CII,KK) 2
H 004¢ S12CI+J19J+K1)=5512CJJ4KK) E
g 005¢C S21(JU+J1,J4K1)=5521CJJ4KK) 3
= 0051 S22 J+J1eJ+K1)=8522C S sKK)D é
H 0052 25  CONTINUE e
& C INVERSE S-MATRIX 7
: 0053 CALL INVS2CNMyNN,S12) -
4 0054 CALL STTRF(NMyNN,»S11551255219522sT114T12,721,T22) 3
i 0055 27 DO 50 J=14NN El
S 005¢ LO 50 L=1,NN %
0057 T11(JrK)I=S11(JyK) | 3
00SE T12C 9K =512C0 4K [
0C5SS T21(JsK)=521CJ4K) | =
5 006¢ 60 T22(JsK)=522(JsK) [
H 0061 CALL MTXMLY(NMyNNyV119T12,T21,T225R11,R12,R214R22) oA
. 0062 10 CONTVINUE I
: 0061 CALL INVSZ(NM,NNyR22) .
0064 DO 40 J=14NN | I
0065 DY 40 K=14NN i
$ 006¢ © S12C¢JsKD=R22(JI KD 'é%
i 0cel $21CJsKI=R22¢JyK) |
¥ 0068 S11CJsKI=CMPLXC04y0.) o4
005h5 S22(J,K)=CHMPLX(0.40.)
007C Lu 40 L=1yNN i =
0671 S11CIpK)=511CJpKI=R22CJoLI*R21(L+K) H
0072 S220JsK)=522C I kI+R12{J5LI*R22 (LK) L
0075 40 CANTINUE yo
0674 RETURN . :
Vo7Ts £ND :
0001 SUSROUTINE STYRFUNMyHNaS11,512+521,522,V11,712,T214722) ’
: C THIS SUBROUTINE INVERSES 5 MATRIX AND STORFS IN T
: C
: 0002 CIMENSION SITCNMaNM)3S12(NMgNM),S21 (NN, NM), 522(NM,NM) -
; 0003 DIMENSION T11(NM NM) 2 TI2CNMyNK) 3 T21CNM G NM)  T2ZONN 5 NM) R
% nNons COMPLEX SI11y512952145229T10147124721,T22 '
1 0005 0C 30 J=1yNN ;
000¢ NG 30 K=1,NN
; 0007 T22(J9K)=512(J 1K)
00ne T21CJsK)=CHPLXCDas0.)
0009 N0 30 L=14NN
0010 30 T21(JeKD>=T21CI4KI=ST2C I L) S11(L K3
ou11 UC 31 J=14NN E
oul12 00 31 K=14NN B /
0013 TI2(JsKI=CMPLY(04r0a) T
0014 TILCJ 4K =S21CJ9K)
0G1% CO 31 L=1,NN :
0e1e T172¢JsK)=T12C0JeRI+522CIpLI¢512¢CL K .
0017 31 TLLCJe KD =TIL(JsK) #522CJ5L)¢T21CLsK) :
: 001& CO 20 K=1,NN !
' 0015 DA 20 J 14NN !
0020 S11¢Jy¥)=TLL(JgK)
0021 S12CJ9K)=T12(d4K)
0022 S21(JaM)=T210d k)
0C?2 20 $22CJyR)=T22(J9K) :
0024 RE TURN J
0025 £ND :
27 :
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0001 SUBROUTINE MTXMLY(NMoNNoRI11sR124R2E4R224TLL»T1247214722)
R THIS SUBROUTINE MULTIPLE SUBMATRICES R¢T THEN STORE THE RESULY
C IN R
C S=R«T
C S11=R{12T11+R12sT21
C S12=R114T124R12%T22
C S21=R21&«T114R22+721
C $22=R21#T124R22+722
0002 DIMENSION TT1(32532),T72(32,32)
0602 DIMENSION TITONM NP JTI2(NMyNM) gT2I(NMaNR)3T22(NM,yNM)
0004 OIMENSTON RITCNM NM)4RTI2C(NM,NM)R2L(NMyNN),R22CNH,NH) 2
0005 COMPLEX T11sT12,V219T22sR114R12,R214R22,TT14TT2 :
000¢ PRINT 101 :
0007 PRINT 100, CCRIT(M, NI N=1,NN),M=14NN) 3
€098 PRTNT 100y (RI?2(MeN)IgN=1¢NNI-KH=1,4NN) 3 g
0009 PRINT 1005CCR2L(MsN) sH=14NN) g H=1,NN) 3 3
GO1G PRINT 100,C(R22CHMyNIyN=1,NND,¥=1,NN) E:
0011 PRINT 100+(CT11(MgNIyN=1osNNIsM=19KN) El
0012 PRINT 100,CCT12C(M,N)yN=1,NN)»M=1,NN) i
0012 PRINT 100,CCT21(MaNIyN=14NN)oM=1,NN)
0014 PRINT 1009C(V22(MaNIsN=1yNNDsM=14NN)
© 0015 PRINT 101
0016 100 FORMAT(//4C10X,8F10.4)) i
00117 101 FORMAT(/ /3 enassncasosssnssassssacseseasesveonsase y’/l) { 3
001¢ DO 10 J=1,NN .
0v1l9 08 10 K=1,4NN
002¢ TTICI4K)=CMPLX (0 y04) : i
0621 TT2¢JpKI=CMPLX(0.904) : z
0022 DO 10 L=1,NN ,
0023 TTLICIX)=TTLICIK)I4R11CI, L) #TLiCL,KY¢R1I2CI,L)€T21C(L,K) g
0624 TV2CI9K)TTT2CIgKIFRILICIHLICTI2CL KIYRLIZ2CIILI*T22(LyK) -
0025 10 CINTINUE
0026 U6 20 J=1,NN
0027 CO 20 K=14NN
0028 RETCIaRI=TTICIoK)
0029 20 R12(JyKI=TT2(JsK) :
0030 00 30 J=1,NN p
0031 D0 30 K=1,NN
0032 TT1(JeK)=CHPLXCO.40.)
001313 TTZ(J.K)=CHPLX(0.10-)
0034 D8 30 L=1,NN : :
00135 TYLC(IsK) =TT (I ,K)¢R21CI4LINTIICL,KI4RZ2CI,LI*T21C(L4K)
601¢ TU2CJsK)I=TT2(JgaKI+R2LCIPLIETI2CL g KI4R22CILI4T22CL,K)D
0037 30 CONTINUE
003¢ DO 40 J=1,4NN
0035 DO 40 K=1,NN
0040 R21(JsKI=TYL (KD
0041 40 R22(J,KI=TT2(J,K)
0042 06 50 J=1,4NN A
0061 U3 50 K=14NN :
0044 TI1CIaK) =R11(JeK)
0045 T12(JdsKI=R12(JsK)
004¢€ T21{JeK)=R21(J4K)
0047 50 T22¢D4X)=R22(J4K)
CG4P PLTURA
0045 END
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i
H 0001 SUBROUTINE PATERN (NTP,TRFF,TRFB4KLL ,NPAV,NHX)

1 C ABSOLUTE VALUE OF KLL REPRESENTS THE SBEAM INDEX WHOSE PATILRN IS ;
E - - C T0 BE PLOTTED : L

. C KLL=0 NO PLEY

C KLL GRATER THAN O PLOT PATTERN ONLY :
C KLL LESS THAN O PLOT 89TH PATTERN AND MAIN BEAMS :
€002 COMMCN/C$1/7PLTAY(500) ;
0c0? DIMENSIBN TREF(NMX¢NMX ) TRFBCNMX yNMX) :

i 0004 COMMAN/CES /PEAKLG4+100) yPHAXCE4) yPAV(E4),PMAV(G4) ) KINDLCE4), T

. C KIND2C64),PEAKDB(100),5SPACECL1372) K

E 0005 COMMEN/C35/CONTACS096)ySINTAC4096)

I Q00¢ COMPLEX TRFF,TRFB,yS :

= 0007 Z(X)=10.#ALAGLO(X) .

0008 PRINT 104
000$ 104 FORMAT(C1H1)
0010 PI=-3.1415926536

: 0011 " ATR=PI/18C.

: 0012 KPLOT=TABSCKLL)

: 0013 NTP2=NTP/2

- C PLOT FRAME

: 0014 YSL=80.

H 0015 NY=YSL :
k 0016 XSL=180. o - o S
4 0017 NK=XSL . S

< 0018 HN=5.

0019 SY=2.

002¢ XK=10.

0021 YH=5,

0022 Ys=2,

0022 YSN=YSeY M

0024 NTA=20¢NTP

Quezy NTAL=NTAC®tI] :
0026 TAINC=PI/NTA {
0621 PNOR=NTP ;
002¢ CALL PHASANCTAINC,IKA) :
0029 KL=1 )
00630 IFCKLL.LT.0)KL=2 :

) 0031 NTALN=2%MTA+] :

N 003z DO 1 I=14NTP

: 0033 00 1 J=l4NTP :

_ 0034 1 TRFFCI ) =TREFCI,JY4TRFBCI4 ) :

i 00135 00 20 TL=1,KL |

i 0036 IFCIL.LT.2)G0 T6 25 ;

i 00137 CALL PLOT(XM+4,4Day-3) i

1 0038 NTALN=NTAL :

I 0039 KSIGN=1 :

£ 0047 2% ALL FRAMI(KM,VEpRSLeYSLy SToHNINKyNY) *

: 0041 DO 20 K=14HTP2 :

0042 KK=0 j,

B 0042 KFLAG=0 !

5
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30

f .. 0044 . KRIz1
: 0045 KPCONT=1
: 004¢ KMIND=1
: 0047 KHA =0
£ 0048 LEDGE=0
; 0049 00 30 TJ=14NTALN :
: 065¢ IFCIL.GTL1)GO To 23 I ]
i 0055 NSIGN=-1 3 k
i 0052 IFCT1J.GE LNTALINSIGN=L § A
H 0053 Y=TJ~NTA1+NSIGN 4
i 0054 60 T0 24 § 4
? 005% AT £ ;
: 005¢ 24  II=IABS(I) é E
: 0057 Ti=11-1 i
00586 PAR=0. .
f 005¢ PAL=0. |
0040 IFCIL.LT.2)GE To 21 3
0061 TFCILLT.KINDRICK) LCRLILGTLKIND2CK)IGO TO 30 H
0062 IFCILEQ.KINDICK)IL '~ 3
] 0063 21 DO 40 J=1,NTP 3
i 0064 S=TRFF(J4K) S
i - 0065 JI=(J-1)s11¢1
H 0066 JHGD=MOD(JT,IKA) g
0067 IFCJHODLEQ.O)JKOD=TIKA
0068 PAR=CONTACJMOD) $REALCS)-SINTACJIMOD) ¢AIMAGCS ) NS IGN+P AR 1
0066 PAT=CENTACIMBDI«ATMAGCS)+SINTALJMOD) #REALCS) ¢NSIGN+P AT :
0070 40  CONTINUE %
0071 PAT=PAR® 2 +PAL%s?2 :
0012 PAT=PAT/PNCR i
0073 IFCIL.E4.236C 1o 22 :
0074 IFCLJ.LE.1)G0 To 31 .
0nvs IFCFAT=PAT1)32,31,33 .
c FXAMINE IF A MAXIMUN IS PASSED :
0oTe 32 KMI=| 5
cov1 IFCIJ.EQ.2)LEDGE=1 :
0078 IF(KMA.LE.Q)GO TO 31 H
0079 IFCPATILLELPEAK(KsKPCENT D) GO TO 34 :
008¢C KINDI(K)=KMIND 2
0081 KFLAG=1 :
00R2 KPCONT =KK+¢1 =
0082 34 KK=KK+1 : s
! 0084 PEAK(KsKKI=PATI
0085 KMA=(Q 1
0086 60 TC 31 4
< EXAMINE TIF A MINIMUNM IS PASSED o3
0087 33 KMA=] H
0088 1FCKMILLE.0)GO To 31 ER
0089 35  KMIND=I-1 i
009¢C IF(KFLAG.GT.0)KIND2(K)=I~1 5
0091 KFLAG=0 3 i
E R
3
3
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0092
no93

0094

0095

009¢
0097
0098
0C95
010C
0101
0102
0102
0104
Q105
or0¢
01907
0108
0106
011¢C

o111
0112
0113
0114
0115
011¢
0117
Q118
0119
012¢C
0121
0122
0123
0124
0125
012¢
0121
0128
012§
0130
G131
0132
0132
0114
0135
013¢
01131
0138
0139
0140

31

22

42

43
44

102

53

101

Lto3
20
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KMI=0

PAT1=PAT

PLOT PATYTERN FOR A GIVEN BEAN
IF(K.KREKPLATIGO TG 30
IFCIJLLY.NTALIGO TO 30
DB=Z(PAT)

Y=(1,40B/7VYSL)*YMeSY
[F(Y.OT.YSHIY=YSK
TF(YaLT.SY)Y=SY

P=1-1

X=PeXN/NTA

IFCIYL.EQ.1DGH T3 3

CALL PLOY(X,Y42)

60 10 %0

CALL PLOT(XyY43)

CONTINUE

IFCIL.GEL2)G0 TEe 20
TF(KMA.GT.0)GO TO 42

IFCKPCONT LEQ.KKIKIND2(K)=NTAL
IFCKTIRD2(K).LF.0IKTAD2(K)I=NTAL
DELETE THE MAIN LOBE

60 TQ 43

IF{LEDGELELD)GO T@ 43

KK=KK+1

PEAKCK,KK)=PATL

09 46 I=1,KK
PEAKDBCI)=10.«ALOGLIOCPEAK(K, 1))
PRINT 102+K
FORMAT(//520%Xs "BEAM INDEX™,I5)
PRINT 101 4CPEAKDBCI) »I=1,KK)
KK=KK-1

DO 53 L=14KK

TRCL LLT.KPCONT DGO TO 53
PEAK(KpL)=PEAK(K, L +1)

CONTINUE

PRAX(K)=Q

PSUR=0.

PRINY 101 ,(PEAK(K,I),I=1,KK)
FORMAT(//,(10X910E2244))

00 S0 L=1yKK
TFCPEAK(KYL)aGT.PHAX(K)IPMAX(K)=PEAK(KsL)
PSUM=PSUNM+PEAK{K,L)

CONTIMUE

PAV(K)I=PSUM/KK
PHAXIKI=2(PRAX(K))
PAV(K)=I(PAV(K))

PRINT 103,PMAXCK),PAV(K)
FORMATC//7910Xy “PEAK 9F10.455Xs "AVERAGE "sF1044)
CONTINUE

RETURN

END

31




0001

- 0002

0003
0004
0005
Qo00¢
0001

0008
000S
0010
0011
0012
0013
0014
0015

0o0te¢
0017
0018

©.0019

0c20
0021
0022
0023
0024
0025
0026

0027
002¢
0029
0030
0031
0032
06033
0034

0035
0036
00137
QU s¢E
00139
0040
Q04
C042
0043
0644
004%
004¢
0047
0048
004S
0090

[}

11

12

13

10

20

22

23
21

- DIMENSION NBP(16)yNBK(16)
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SUBROUTINE HLFHIK(NT°.NR1.NBPvN8KoHCvPNA)

DIMENSIAN MC(NRI14NTP),PHACNR14NTP)
COMMON/CS3I/MCTC64)

DIMENSION ANG(64) +ATEMP(64)

NN=NRL7/2

LL=(NR1+1)/2-NN

LL=1 NUNBER OF ROWS IS EVEN

LL=0 NUMBER OF RAWS IS 00D

CALL PHASUMCNRL,NTP,NBP yMC4PHA,ANG)

D0 10 I=1,NTP

I1-1

C3 11 J=1,NR1

KK=MCCJIs 11D

IFCJ.EQ.NN)IKKP=KK

II=KK

CONTINUE

FIND THE JOINT POINT THEN STORE IN MCY ARRAY

DO 12 J=1,HN

KKS=MC(JyKK)

KK=KKS

MCTCKKP)I=KKS

AYERAGE THE PHASE ANGLES FOR SYMMETRICAL MATRIX
DO 13 J=1,NN

JI=NR1-J+1 N
INC=MCC(J,1) .z
AVG=C(PHACL, IMCI+PHACIJs 1)) /2 P
PHACJ, INC) =AVG 3
PHACS S E)=AVG P
CONTINUE o
CORRECY PHAST ANGLE QF THE MIDDLE ROW WHEN THE NUMBER OF KONS IS

EVEN

IFC(LL.LELD)GO TO 1

NI=NN+1 :

DO 20 I=1,NMTP =
I1=MC(NL,D) -
IN=MC(NL1,NCT(CI))

ATEMP(TI)=PHA(N1,II)

TFCPHACNLy IN)oGTLATEMPCIL) DATENPCITII=PHA(NL IN)

CONTINUE

CORRECT THE PHASE ANGLE BY ADCING THE SAME EXTRA PHASE V0 EA&CH

PORT IN A BLOCK

NMP=NBP(N1)

NMB=NBK(NI)

00 21 I=1,MKB

IMB =(I-1)*NMKP

AA=D.

DO 22 J=1,NMP

KK=IMB+J :
A=ATEMP(KK)-PHACNL 3 KK) :
IFCA.GTLARYAA=A

CONTINUE

IF(AALLELO0.) GO TO 21

0O 23 J=1,NHP

KK=1M8¢J

PHACNL yKK)=PHACN] oKK)+AA

CONTINUE .

RE TURN H
CORRECTY THE PHASE ANGLES FOR THE CASE WHEN THE NUMBER OF RIWS IS

€00

LK b b s
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0051
0052
0053

0054

605S
005¢
00S1
005¢

0001
0002
0002
0004

0005
000¢
0007
gooe
0005
0010
0011
0012
0013
0014
onts
001¢€
0017
6018
0019
0020
0021
0022
0023
0024
0025
002¢
0021
0028
0029
003G
0031
0032
0033
0034
0035
003¢
0037
0038
0039

30

1?2

21
22

30
20
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CALL PHASUMCNRL,NTPoNBPyNCoPHASATENR)

00 30 I=1,NTP

AAZANGCI)-ATENP(D)

JI=nC (1,0) R ST
PHA(19JJ)zAA

PHACNRL, I)=AA |

RETURN

END

SUBROUTINE PHASUMCNRLSNTP,NBPsRC,PHA,AS)
DIMENSION NB2C(16)
CIMENSION MCCNRLoNTP),PHACNRL NTPI,ASCNTP)
DIMENSTION LAP(2+64&) 21AC64)
SET THE PHASE SHIFT OF THE BOTTOM ROW
NROwW=NR1-1

NN=NBP{NROW)

00 1 J=1sNN

LAP(2,4)=J

ASCJ)I=PHAC(L,41)

KK=NN

00 10 I=1,NROW

II=NROW~-1]

In=II41

NN=NBPCIT)

IFCITLLE.OINN=1

N0 12 J=1yNTP
LAP(L1,J)=LARP(2,4J)
0CI)=85(I)

KN=0

00 20 L=1+KK

LL=LAPC1l,0L)

DO 21 N=1,NTP
TFCMCCILeN)NELLDIGE TO 21
JJ=N

6o T0 22

CONTINUE

NMD=HODC(JJ9NN)
IF(N®D.EQ.O0)INMD=NN

DO 30 K=1¢NN

IND=JJ-NHD+K
IF(NN.EQ.1)IND=JJ

KN=KN&Y

LAP(2,KN)=IND

ASCINUD=ACLL )*PHACILSLLD
CONTINUE

XK=KN

CONTINUE

RE TURN

END
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SUBROUTINE NTWK(NTPyNRLsNBPyNBK,NC,PHA)
CossesTHIS SUBPOUTINE FINDS THE CONNECTION OF A BUTLER MATRIX OR FFY
C GIVEN THE NUMBER OF ROWS AND THE NUMBER OF PORTS IN EACH BLOCK IN
C €EACH ROW
Ceeenss CORPILED BY Jo K. HSIAQ
CeensaFIRSY VERSION IS COKPILED ON MAY 3,1976
CesnssNTP, NUMBER OF TOTAL INPUT PORTS OR SAMPLES
CetsssNROM, NUMBER OF ROWS REQUIRED TO PERFORM THE TRANSFORMATION
CeexesNBP, AN ARRAY STORES THE NUMBER OF PORYS IN EACH BLOCK AT EACH
C ROR. EACH BLOCK IN A ROW HAS THE SAME NUMBER OF PORTS
CexvesNBK, AN ARRAY STORES THE NUMBER OF BLOCKS IN EACH ROW.
CesxesnmC, A TWO DIMENSIONAL ARRAY STORES THE CONNCTIONS OF THE NETWORK.

C FIRSY INDEX OF THE ARRAY REPRESENTS THE NUMBER CF CLURRCNT ROW. THE
C LOCATION OF THE SECOND INDEX REPRESENTS THE PHYSICAL LOCATION OF
C THE PREVIOUS ROW WHILE THE CONTENTS OF 1T IS THE CONNECTION TO THE
c CURRENT RowW

CINENSTION MCCNRL NTP),PHACNRL 4NTP)

DIMENSION NFTS(64),NBK(16)4NBP(16)
C COMPUTES THE NUMBER OF PORTS IN EACH BLOCK

NROW=NR1-1

PI=341415926536

PI2=PI=2.

NBP(NR1)=1

NTP2=NTP/2

00 10 TI=1,NR1
10 NBKC(I)=NTP/NBP(I)
Cexxxe NFTS ARRAY SYORES THE LOCATION OF THE SARPLES IN EACH BEAM(UR
FREQUENCY SAMPLE). THE STRUCTURE IS CHARACTERIZED BY TW0 NURBERS,
NTS,NUMBER OF TIME SAMPLES(OR INPUT PORTS) AND NFS, WUMBER OF
FREQUENCY SAMPLES(OR NUMBER OF BEAMS), FOR EXAMPLE, NFTS((3-1)%
NTS:1) IS TUE pPHYSTICAL LOCATION OF THE FIRST VIME SANPLF IN THc
THIRD FREQUENCLY GROUPC OR OF THE THLIRD BEAM),THIS IS REPRESENTED
BY LMC

AN A

SEYT THE IMITIAL NFTS ARRAY
0O 11 I=1,NTP
11 NFTSCI)=I
Cexse NTS1 IS THE PREVIOUS VALUES OF THE NUMBER COF TIME SAMPLESCOR INPUT
C PORTS)
Cexes NTS2 IS THE CURRENT VALUE
Cexxx NFS1 IS THE PREVIGUS VALUE OF THE NUMBER OF FREQUENCY SAMPLES(OR
C BEAMS)
CrxeexNFS2 IS THE CURRFNT VALUE

C

c

C SET THE INIAL VALUES OF NTS AND NFS
HTS1=NTP
NFS1=1
00 20 I=1,4NR1

C NN THE NUMBER OF BLOCKS OF THE CURRENT ROW

34
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Rtk

aCleé
00117

0C16
061¢

B 0020

0021

0022

0022
: 0024
- 0025
- 002¢
z 0621
. 0028
: 0029
0030
00131
0032
0033
003+
00135
00136
0037
0038
0035
004C
0041
0042
00471

S

G044
0045
0046

0041
: 0048
: 0045
0050
0051
0052
0053
0054
G055
005¢
0057
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NNy THE NUMBER OF PORTS IN EACH BLOCK OF THE CURRENT RecW
MA=NBK(I)

NN=NBP (1) T

SET NVS2 AND NFS2

NTS2=NTS1/NN

NFS2=NTP/NTS2

THE ACTUAL REQUIRED PHASE GRADIENT BETWEEN SUCCESSIVE ELEMENT FOR
THE FIRST BEAM IS

PAG=PI/NFS2

THAVAILABLE PHASE GRADIENY FOR THE FIRST BEAM IN EACH BLOCK IS
PSG PI/NN

KK =0

08 30 J=1,MH

MOD J=MOOCJ9NFS1)
IF(HODJLEQ.0IMODI=NFS]
JI=(J-1)/NFS1+1
PAGG=PAG*(NODJe2-1)

PASGO=PSG-PAGG

DO 30 X=1,NN

Kl=K~1

KK=KK¢1

LMC=(MOD.1-1)«NTS 1+ (K-1)eNTS2¢JJ
MCLOC=NFTSCLNMC)

MCCIoMCLOC)=KK

1F(KK.LE.NTP2)GO TO 21
KKI=NTP-KK+1

PHA(T s KK)=PHACI,KKI)

Gy 10 30

IF(PASGD.GT.0.2G0 TC 32

PHACL KK =ABSCPASGDI*(NN-K)

GO 16 20

PHA(T 4KK)=PASGD*KL

CONTIMNUE

RECAORDING THE RREQUENCY SAMPLE OR BEAM PCSITION INTO NFTS ARRAY
NTS1=NTS2

NFS1=NFS2

KK=0

MNS IS THE NUMBER OF BLOCKS WITHKIN EACH (.OUP OF FREQUENCY SAMPLES
MNS=MM/NTS1

D8 40 J=14NFS1

JMOD=MID (JoMNS)
IFCJMCD.EQ.0)JNOD=KNS
JI=C(J-1) /KNS +1

00 40 K=1,4NTS1

KK=KK+1
NETS(KK)=(RK-1)#NFS1+(JNCD~1)sNN+JJ
CGRTIRUE

RETURN

END
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SHELTON AND HSIAO %
E
: 0001 SUBROUTINE FRAMECXMyYMyXSLyYSLeSYaHNNXsNY) 1
T 0002 COMMON/CSL/PLTAY(500) =
Yoo --0003 < -ANE Y YMeSY S . S e
: 0004 HLAB=HN¢,035
0005 HLAS=HLAB+.035 3
000¢ WLAB=4 . *HLAB/T, E/
0007 XSCL=XSL/NX 3
000¢ YSCL=YSL/NY 3
0009 OY=YM/NY 5
0010 Y=5Y 2
0011 NNY=NY el 3
0012 CALL PLOT(0.95Ye3) 3
0013 CALL PLOT(XM,5Y,2) 4
00154 CA'.L PLOTCXMoYMSY,2) 3
0015 CALL PLOT(O.oVMSY42) H
0016 CALL PLOT(CO0.sSY92) 3j
0017 DO 10 I=1,2 i
0018 Y=SY I
0019 1FCILGTL1)60 TO 12 3
002¢ X1=0. H
0921 X2==,2 H
, 0022 X3=-.1 i
i 0022 GG Ve 13 p
: 0024 12 X1=XN §
0025 X2=XM+.2 ;
0026 X3=XmMe,l B
o0v21 13 00 10 J=14.NNY :
0026 CALL PLOT(X1sYy3) :
0029 MODY=MODCJ~1,510) :
0030 IFCMOCY  NEL0DGO To 11 :
0031 CALL PLOT(X2,Y,2) “
0032 IFCILGT.1)G0 T8 10 -
G033 A=VSCL&(J-1-NY)
0034 CALL NUMBER(=6.5%WLAB,Y~HLAE/2,3HLAB 4A50.y4HF3.0)
0035 68 Te 1¢ .
0013¢ 11 CALL PLOT(X33Ye2) 7
0037 10 V=Y+4DY ; g
003€ DX=XP/NX - g
0035 NXX=HX*]
0040 DO 20 I=1,2 |
0041 X=0. i
G042 IFCIGT.1)66 10 22 3
00413 Y1=5Y 1
0044 ¥2:2Y1-4.2 F
0045 Y3:vY1-.1 3
004¢ 6o 16 23 3
oUsT 22z Fi=VASY 3
0048 Y2=V1+.2 3
00649 ¥3=Y1+.1 E
005¢C 23 DO 20 X=14NXX
005%1 KK=K-1
0052 CALL PLOT(X Y 43 ' 3
0052 WODX=MID(KKs10) :
0054 IFCMO0X.NEL0)GT TO 21 ;
0055 CALL PLET(X»Y2,2) A
0056 IFCILGT. 1360 To 20 3
0057 A=KK4XSCL i
6058 CALL NUMBER(X-2.5¢«NLABySY~HLABX3.0sHLABsAs0.y4HF3.0)
0059 GO 16 20
0L60 21 CALL PLOT(XyY3,2)
0061 20 x=X+¢D%
36 i
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1
0062 CALL SYRBOL(S#XM-1T.5oNLAB,-5,%HLAB+SYsHLAS,22 HPARARETER U IN DEG : 3
CREES40e922) i S
0063 35 CALL SYRBOL(-T.*WLAB,YM/2.¢SV-15.¢W . ABsKLAS s 18HARRAY PATTERN (DB), ! ~§§
%90.,18) i
0064 32 CALL PLOTC0.90.,3) ;4
- 0065 END D3
;4
P4
= 0001 SUBROUTINE SEMCX{TSsORIGoNNsMAT,MCT,ANS,LK) ; ki
- C IDENT NUNBER ~ F1002R00 I
C TITLE - COMPLEX MATRIX INVERSION, SOLUTION OF LINEAR EQUATIONS i -4
- C IDENT NAME - F1-NRL-SIMCX ; E
c LANGUAGE — FORTRAN ;4
C COMPUTER - CCC-280C -
C CONTRIBUTOR - JANET P, NASON, CODE 7813, RESEARCH COMPUTATiON i3
B C CENTER, MIS DIVISION P
C ORGANLZATION - NRL - NAVAL RESEARCH LABORATORY - WASHINGTOM, L.C. . :
B} c 20390 ) i
- C DATE ~ 16 DECEMBER 1970
= C PURPOSE =~ TO SOLVE THE COMPLEX MATRIX EQUATION AX=B WHERE A IS A ;
B c SQUARE COEFFICIENT MATRIX AND B IS A MATRIX OF CONSTANT [
= C VECTORS, THE DETERKINANT AND INVERSE OF A ARE ALSO i
- c OBTAINED. ‘
0002 COMPLEX SUMy MAT,ORIG,ANS,B04B2,04486,B8,610,811,813,815,CCsCC2,8°"
0002 EQU.VALENCE(B24C),CCC,CX)5(CL24CX2) :
Ouu4 DIMENSION HATC(MCTy1)9ORIGONNS1Y9ANSCNCT Do CC229CX(2)4CX2(2) ' i
0005 10 FIRNATC1X, 2E12.6) : 3
000¢ 15 FORMAT(25H THIS MATRIX IS SINGULAR/) B
0001 18 FORMAT(1HO»" VALUE OF DETFPNINANY IS "22E12.6://) :
0008 21 FORMAT(1Xe2012.6,5X92€12.6)
0009 23 FORMAT(BX, “ORIGINAL CONSTANTS 421X, “DERIVED CONSTANTS®/)
cotc 26 FORMAT(1HM196Xy "THE INVERSE (BY COLUMNS)®)
0011 27 FORMATCIHOD)
0012 28 FORMATCLIHL,6X, “VALUES OF THE UWKNOWNS®)
0012 35 FORMAY(SX, "IDENTITY MATRIX®)
. 0014 £3=(~1.040.0)
B 0015 B4=(0.0+0.0)
: 0016 B11=C1.090.0)
= 0017 1CT=MCT
% GO1E JSING=MCT
: 0019 MT=MCT+1
£ 0020 NCT=MCT+KCT
B C PUT ORTGINAL MATRIX INTO MAT
0021 IFCIS.EQ.0)60 Td 39
[ LT =MLI+]S
0023 NCT=ICT
0924 39 DO 2 J=1,ICT
0025 06 2 I=1,MCT
002¢ MATCT, J)=9RTGCT, )
0027 2 CONTINUE
0028 IFCIS-NELODGO T 30
c PUT IDENTITY MATRIX INTO RIGHT HALF OF NAY
0029 31 UM 32 J=MT,NGT
0030 DG 32 I=1,KCT
0031 32 WAT(L,J)=B4
0032 DO 33 J=1,MCT
0033 33 MAT(Jy J¢RCTI=H)
C FORM TRIANGULARIZED MATRIX
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0034 30 JCTanCcT-1 [ S
0035 00 3 J=1,J4CT
0036 KK=J¢l :
0031 core 25 :
0038 24 00 4 KsKKpNCT :
0039 BB=MATC(K, JY/NAT(Jy J) i
0040 DO 5 L=JyN°T B
0041 BLO=BBeNAT(J4L) 3
0042 5 MAT(KeL)=MAT(K4L)-B10 i
0043 4 COHTINUE 5
c VALUE G6F DETERMINANT
0044 3 BL1=BL1sMAT(Jsd) ;
0045 Bl1=B11MATCMCT,MCT) H
Q04¢ LOW=-NCT
0047 ng=-1
C T8 D6 ONE OR RORE BACK SOLUTIONS
0048 DO 6 MINC=MT4NCT
0049 JEIN=RCT
0050 IX=0
C 8ACK SOLUTION
. ) . 0051 DO 6 INH=LOWeNO . L .
: C © 70052 - I MsTAESCINN) - )

’ 0053 BO=~MAT(MyMINC) }
0054 B2=MATCH,N) %
0055 B"‘(OAO!OOO) ]
005¢ IFCIY) 1,227 i
0057 22 IX=1IX+1 :
0058 GOTO 8 .
0059 7 MO2=-JFIN

040 DS S INN-LGWsRUZ
0051 N=TABSCINN)
0062 9 B4=ULtMATCM NISRAT(NSRINC)
0663 80 :B0-B4
0064 IFINSJFIN-1
0065 8 IFCCC1).FQ.0.0.AND.C(2)+€Q.0.0)G0 T 13
006¢ 29 PAT(R,MINC)=B0/82
0061 ANS(M)=B0/B2
0068 6 CONTINUE
0069 D6 40 J=MT,NCT
001¢C JJ=J-MCY
oon DO 40 T=1,MLT
00712 40 ORIGCI,JJI=MAT(I,J)
00712 IFCLK.GT.0)RETURN
0074 IFCIS.EQ.0)GO TO 34
0075 GO TO 41

C CHECK FOR SINGULARITY AND 7O SEE IF FIRST TERM = O

007¢ 25 Jdv=4
00717 CL=MAT(Jyd) .
0078 IFCCXCE)ANEL0.0.0R. CXC2INFLGL0260 TO 12 :

0079 11 IFCJUVLNELJISINGIGN TO 14
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0080 131 PRINTIS
0081 PRINT 100, Js (MHATC(K yJ)yK=1,MCT)
i 002: 100 FORMAT(LOXyIS5¢8F1044)
% . .__..-ocsB2 . PRINT 21,((MAT(IsJ)sl=1,MCT)pJd=14HCT) Tl
w 0084 RE TURN
0085 14 JV=Jvel
008 ¢ CC2=MAT(IV,J)
. 0087 TFCCX2C1).FQa0.0.ANDLCX2(2Y.EG0.0260 TO 11
- 0088 16 DO 17 JJ-JeHCT
= 0089 B6=MATC I, J )
= 009¢ MAT (JryJJ)=MATCIVed )
* 0091 17 MAT(JVeJII=B6
v 0C92 911=-811
0092 12 CONTINUE
L 0094 GOTo 24
< ¢ PRINT SUBSTITUTIONS BACK INTO ORIGINAL MATRIX
E 0095 45 D6 20 NNV=1,1S
= -009¢ PRINT 27
0057 44 PRINT23
0098 00 20 LL=1,MCT ]
. 0099 813=€040,0.0) i
: 0100 0O 19 MM=1,MCT
3 0101 19 B13=0RIGCLLsMM)I*MAT (MM, MCT+NNV)I+B13
; 0102 B15=~0RIGC(LL yMCT+NNY)
4 0102 PRINT21,B15,813
B 0104 20 CONTINUE
0105 RE TURN
c PRINT TITLE - THE ENVERSE 3
010¢ 34 PRINT 26 H
0107 GO 16 43 E
C PRINT TITLE - VALUES OF UNKNONNS H
0108 41 PRINT 28 H
iss 43 TGO 35 JJ-RTLNCT ‘
011¢ PRINT 27 3
0111 DO 38 II=1,MCT ;
0112 38 PRINT 10, ®ATCILI,JJ) :
c PRINT VALUE OF DETERMINANT !
0112 PRINT 1€9811 i
0114 IF(IS.NELOIGO TO 45 :
: c PRINT IDENYITY MATRIX ;
T 0115 PRINT 3% 3
: 0156 00 36 K=14MCT ki
iy 0117 PRINT 27 H
- 0118 DO 36 1=1,MCT E
3 011¢ SUM=C0.0,50.0) i
0120 DO 37 J=1,KCY
i 6121 37 SUR=ORIGCKyJ)$MAT(JgMCT+I)+SUN :
01272 28 PRINT 10;SUM H
0122 RETURM :
0124 END i
3
%
L
;
%
39 g
v
- B d L. e g A R R e (S ket

e rE e RE S A LTETE e

R e et £ o SN L Y8 M N Yy AR et R T N P |
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oo -0001 © - SUBROUTINE BLKCNMgNNyS1155129521,4522) 4 i
0002 DIMENSTON NBPC16),NBKC16) ’
0002 DIMENSION HC(8,16)4PHACE,16)
0004 DIMENSTON STILICNMaNM)IoS1ZCNHogNM)9S21CNMyNK),522CNN, NM)
0005 COMMON/CSS /T11(8¢8)sT12CB8)sT21CBs8)sT22(8-5),R11(B58)5R12(8,8), ;
€ R21(%,8),R22(8,8),SPACE(T168) a
0006 COMPLEX S11951295215522
0007 COMPLEX T11,T12,T219T22,R11,RL2¢R214R?7 i
000§ IF NN.5T.2)60 T6 1 a
0005 CALL TWOPT(S115512552145229NN) ' :
0010 RETURN
0011 1 I1=0
0012 N2=NN
€013 3 N2=N2/2 ‘
0014 IF(N2.LE.0)GO TO 2 :
0015 II=1I¢1 : :
0016 GO T0 3 i
0017 2 DO 10 I=i,1I ’ 1
0018 10 NBP(I)=2
; 0019 II=II+1 :
G . 0020 - CALL NTWHKCNNsTI,NBP,NBK,NCoPHA) S . I
; 0021 -~ CALL STRFCNMgNN+IIoNBPsNBKsMC oPHASS11951295219522) .
: 0022 RETURN ' !
0022 END :
i
i3
B
' 4
0001 SUBXKOUTINE INVSI(NM,NN,512) ©o
0602 COMMON/CSS5/R1C32)sT(32464)9SPACEC4032) P
0002 DIMENSION S12(NF,NK) i
0004 COMPLEX AlyT,512 {4
0005 CALL SIMCX(09S12,NMsToNN9Alyl) i1
: 0006 RETURN 4
: 0007 END £ 4
i i
i §
.
0001 SUBROUTINE INVS2C(NMsNN»S12) i
0002 COMHON/CSS/ALCE) 9 T(Bs16),SPACECTI20) 5
0003 DIMENSIAN SL2CNM,NM) g !
0004 CONPLEX AlyT4S12 i
0o0s CALL SIMUXCO3S129NMyIgNNohisl) [ BE.
000€ RETURN § 1
0007 END y
;
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0001 SUBROUTINE TwoOPRY (S119512,521+522,M)
9002 . DIMENSION SL11(MsM)gS12CMeND9S21CMy M) 4S22(MyM) ]
0003 . _COMPLEX S11,512,521,522 e e s s
0004 CONKON/CS4/A,B4+CyD
0005 8C0=B+C+D
0006 IF(BCD.GT.0.)GO To 1
0007 AR="0.%4(-A%,05)
0068 IFCA.LEL0.)AR=0,
0009 A1=SQRT(.5-AR*AR)}
001¢ A2aSQRT(.5-AR%AR)
0011 Bl=AR
0012 B2=AR
0012 GO To 2
0014 1 Bl=10.%9(-A%,0%)
0015 IFCA.LE.0,)B1=0,
co1s 82=10.%¢(-B*,05) - -
0017 IF(B.LEL0.)B2=0,
0018 Al:lo.l‘(-C‘.OS) :
0019 A2=10,%¢(~D%,05)
0020 2 S11C142)=B1%CHPLNCQay-1,)
0021 511(252)=B12CHPLXCO.y~1,)
0022 $522C1913=B14CHPLX(Oer-1.) N
0023 . 522€242)=B1#CAPLXCOay=14) e ST L
- 70024 © T 5110142)=B29CHPLXC-14.,0,) ' ,
0025 S11€2,1)=B2¢CMPLXC~1.,0,.) -
002¢ 522(C142)=B24CHPLXC=1490.)
00217 522(291)=B2%CMPLXC~1.40,)
0028 S12C141)=A10CMPLXC2.404) .
0029 S12(292)=A1%CHMPLXCL1vy0,) =
003¢ SZ1CEs1)=A14CMPLX(109Ga)
0031 §21C242)=A1%CAPLXCL.50.)
032 Sic{i92)=AZ%CAPLACVes=1.)
ou32 S12C241)=A2*CMPLX(04ey~-1.)
G034 S21(1c2)=A24CHPLX(D.o-1.)
0035 S21(2,1)=A2%CHPLXCOs9~1,)
003¢ RETURN
0037 ENC
3
L
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SUBRGUTIME TRT(MTPyTRFFLLgHHX)
CORMON/CSE/APRT(32432),ANGLC32432)5 ANGT(32) ¢ TRIDC32432)s SPACEL 4064
*)

DIMENSION TRFF(NRX,NRAX)
COMPLEX TRFF,,TRID

IFCLL.GT.0)G0 TO 1

DO 10 Y=z1,NTP

06 10 J=1i,NYP
TRIDCI»JI=TRFF(XysJ)

RETURN

D6 20 I=14NTP

00 20 J=1,NTP
TRFF(19J)=TRIDCI4J)

RETURN

END

SUBRAUTINE TRFIDLONTP)
COMNON/CSO/AMPT(32432) 9 ANGL(32y32)9ANGT(32) 5 TRFF2(32,32)s TR(32,32
CHeSUMRC(2016)

COMPLEX TRFF2,TR

PI=3.1415926536

PI2=PIs2.

a—-%0
RTA=180./01

A=SQRT(L./NTP)
P=-PL/NTP

00 10 I=1¢NTP
PP=(I~1)#P
PR=P5(I~e5)%2.
00 10 J=1.NMTP
PP=ANBD(PP,P12)
RE=A#COS(PP)
RI=AaSINCPP)
TREF2(I,J)=CMPLXCREJRD)
AAPT (Lo d)=A

ANGL (1. J)=PP#RTA
PP=PP+PR

RETURN

END

SUBROUTINE PHASAN CTAINC,ID
COMMON/CS6/CONTACH(96) 9 SINTACS4096)
PI=3.1415926536

PL2=PLe2,

TA=0.

1=90

I=I¢1

CONTACII=COSC(TL)
SINTACT)=SINCTA)
TA=TA*TAINC
IF(TA.GE.PI2)RETURN

GO 10 1

END
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COMPLEX FUNCTION AR{AUG)
ANP=z]1,

AG=AUG

RE=ARP¢COS(AG)

— —RI=ARPeSINCAG)

AR=CMPLXCRELRI)
RETURN
END

FUNCTION CANGCSR)
COMPLEX SR
A)=REAL(SR)
AZ=AIMAG(SR)
CANG=ATAN2(AZ,AL)
RETURN

END
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